Sporolithon is a non-geniculate, marine taxon that occurs in tropical to subtropical and warm temperate habitats worldwide. On the basis of specimens collected from offshore Louisiana and Florida in the Gulf of Mexico, Sporolithon sinusmexicanum sp. nov. is described. rbcL and psbA sequence analyses showed that S. sinusmexicanum is closely related to Sporolithon yoneshigueae (type locality: Bahia, Brazil). These two species can be distinguished by the number of rosette cells (10-12 in S. sinusmexicanum vs. 19-24 in S. yoneshigueae) and by the habit of the tetrasporangial structures after spore release (sloughed off in S. sinusmexicanum vs. overgrown and buried in Sporolithon yoneshigueae).
Introduction
Recent studies have revealed a great diversity of non-geniculate coralline red algae (Corallinales, Hapalidiales, and Sporolithales) from deepwater rhodolith beds at 42-80 m depth in the northwestern Gulf of Mexico (NWGMx) and from the surrounding offshore areas of the Gulf of Mexico (GMx) , Krayesky-Self et al. 2016 , Richards et al. 2017 . These studies stemmed largely from specimens collected during seven biodiversity assessment expeditions following the 2010 Deepwater Horizon oil spill , Felder et al. 2014 .
Sporolithon Heydrich is among the incompletely described taxa of coralline algae from the Gulf of Mexico. Minnery (1990) reported one species of Sporolithon (as Archaeolithothamnium Rothpletz ex Foslie) from offshore Texas in the Flower Garden Banks National Marine Sanctuary at depths ranging from 21-90 m, but no specific epithet was applied. Other previous accounts of coralline algal diversity from the Gulf of Mexico did not report Sporolithon (Dawes & Van Breedveld 1969 , Dawes 1974 , Fredericq et al. 2009 ). Richards et al. (2017) showed that a species of Sporolithon from the NWGMx and the SEGMx has unique DNA sequences that are distinct from Sporolithon episporum (M. Maneveldt et al. (2017) .
Material and methods
Subtidal specimens were collected from offshore Louisiana and Florida in the Gulf of Mexico as described in Richards et al. (2014 Richards et al. ( , 2016 . DNA extraction, amplification, and sequencing methods followed the protocols of the abovementioned studies.
Phylogenetic analysis. Alignment and ML analyses of plastid rbcL and psbA were performed according to the protocol of Richards et al. (2017) . The rbcL and psbA alignments were 1387 bp and 863 bp in length, respectively. The rbcL alignment included 21 Sporolithales sequences in the ingroup; the psbA alignment included 42 Sporolithales sequences (see Table S1 for complete list of sequences analyzed). Preliminary BLAST searches of an rbcL sequence (KP142787) of Sporolithon cf. ptychoides from Brazil indicated it is a chimeric sequence of two taxa; the 5' end of the sequence was related to members of the Peyssonneliales whereas the 3' end was related to members of the Sporolithales. Therefore, the 5' end of sequence KP142787 was cropped and only the 3' end of the sequence (691 bp) was used in these analyses.
SEM and light microscopy. Sample preparation and SEM were conducted according to the protocol of . Light microscopy of tetrasporangial sori was performed with a Zeiss Stemi 2000-C dissecting microscope and images were captured with a Cannon Rebel Eos T2-I. Cell dimensions were measured from SEM micrographs following the protocols of Irvine and Chamberlain (1994) and Adey et al. (2005) . Terminology follows Woelkerling (1988) and Adey et al. (2015) .
Results
Phylogenetic analysis. Results of the rbcL (Fig. 1) and psbA (Fig. 2) analyses showed the new species is sister to S. yoneshigueae. The new species did not form a clade with the other species that have type localities in the Caribbean, S. episporum and S. dimotum, and did not form a clade with the recently described S. indopacificum from the western Indian and Pacific Oceans. Based on the diagnostic DNA sequences of the holotype and additional specimen examined and the morpho-anatomical results presented in this study, we herein describe a new species of Sporolithon from the Gulf of Mexico. Etymology: The specific epithet refers to the Gulf of Mexico, the locality of the holotype and Florida specimen.
Description
DNA sequences: DNA sequences from the holotype: rbcL (GB accession = KY994126), psbA (GB accession = MF034549), LSU (GB accession = KY980437), and UPA (GB accession = KY980429); and from the Florida specimen: LSU (GB accession = KY980438), rbcL (GB accession = KY994127), and psbA (GB accession = MF034550).
Morphology and Habit:
Thallus non-geniculate, forming biogenic rhodoliths that are smooth to warty (Fig. 3 ) or with numerous protuberances (Fig. 18 ). Found growing in benthic rhodolith beds at a depth of 65-69 m.
Vegetative Anatomy: It was not determined with certainty if thallus construction is dimerous or monomerous, though some areas of the thallus appeared putatively monomerous. New vegetative layers (Fig. 4) formed by a secondary hypothallium with one to two layers of basal filaments (Fig. 5) . Hypothallial cells rectangular in shape, 11.5-20 μm long x 3-7 μm wide. Perithallium with abundant cell fusions (Figs. 6, 20) ; secondary pit connections not observed. Perithallial cells 6.6-19 μm long x 7-10.6 μm wide. Meristematic cells 4.2-12 μm long x 7.8-15.3 μm wide (Figs. 7, 8, 20, 21) . Epithallium (Figs. 7, 8, 20, 21) a single layer of armored epithallial cells that are 2-3 μm long x 4-7.8 μm wide, with thick, heavily calcified cell walls and a trapezoidal-shaped lumen.
Reproduction: Tetrasporangial sori are sloughed off after spore release. Sori were observed in the process of sloughing off the surface of the rhodoliths 22) . Pores with rosette cells that remained intact (n=5) showed 10-12 rosette cells surrounding each tetrasporangial compartment pore (Fig. 14) . Sections showed tetrasporangial compartments at the protuberance tip and no buried tetrasporangial structures embedded in the perithallium (Figs. 15, 19 ). Intact tetrasporangial compartment measured 83 μm long x 59 μm wide (n=1), subtended by a stalk cell 14 μm long x 28 μm wide (n=1) (Fig. 16 ). Tetrasporangial compartments surrounded by paraphyses with non-elongated cells at the base of tetrasporangial compartments (Figs. 16, 17 ). Female and male structures were not observed.
Distribution: Sackett Bank, NWGMx, and the vicinity of the Dry Tortugas, SEGMx. Comments: Unidentified spherical inclusions were observed in the perithallium of specimen LAF 6970B, which may be unidentified life history stages of microalgal organisms (Fig. 23) , as reported in Krayesky-Self et al. (2017) . 
Discussion
Sporolithon sinusmexicanum did not form a clade with the other Sporolithon species that have type localities in the Caribbean, namely S. episporum and S. dimotum (Figs. 1, 2) . The results of the rbcL and psbA analyses in this study (Figs. 1, 2) , as well as the analyses of concatenated plastid rbcL and psbA, mitochondrial COI (cytochrome oxidase subunit I gene), and a portion of LSU (nuclear-encoded 28S rDNA gene) sequences performed in Richards et al. (2017) , showed that S. sinusmexicanum is closely related to S. yoneshigueae (type locality: Bahia, Brazil). Sequence divergence values indicate S. yoneshigueae and S. sinusmexicanum are different species. For example, the rbcL and psbA divergence values between these two taxa are 9.75 and 6.8%, respectively (Richards et al. 2017) , which is greater than the rbcL and psbA divergence values between Sporolithon ptychoides and Sporolithon molle (6.5% and 3.5%, respectively), and between S. episporum and S. indopacificum (2.7% and 3.1%, respectively) (Maneveldt et al. 2017) . The morpho-anatomical results presented in this study show S. yoneshigueae and S. sinusmexicanum are distinct from each other. S. yoneshigueae possesses tetrasporangial sori that are overgrown and buried after spore release (Bahia et al. 2015) , whereas the tetrasporangial sori of S. sinusmexicanum are sloughed off after spore release. These taxa also differ in the number of rosette cells surrounding each tetrasporangial compartment pore (19-24 in S. yoneshigueae vs. 10-12 in S. sinusmexicanum). S. sinusmexicanum also differs from S. episporum and S. indopacificum with respect to connections between adjacent filaments. S. sinusmexicanum possesses abundant cell fusions and no secondary pit connections, whereas S. episporum has both cell fusions and secondary pit connections and S. indopacificum has primarily secondary pit connections with cell fusions rarely observed (table 2 in Maneveldt et al. [2017] ).
Considering sequence divergence values indicate the clade comprised of S. sinusmexicanum and S. yoneshigueae is as divergent from Heydrichia as it is from other species of Sporolithon (Richards et al. 2017) , S. sinusmexicanum and S. yoneshigueae may represent a new genus separate from Sporolithon and Heydrichia. However, no characters were observed in S. sinusmexicanum that distinguish this taxon at the generic level from other members of Sporolithon. Characters considered diagnostic for species of Heydrichia, such as the presence of an involucre surrounding the tetrasporangia, multiple stalk cells, or multiple tetrasporangia within a single complex (Townsend et al. 1994, Maneveldt and van der Merwe 2012) , were not observed in S. sinusmexicanum.
Sporolithon sinusmexicanum is morpho-anatomically similar to S. episporum, S. indopacificum and S. tenue, in regard to sharing the character of sloughing off tetrasporangial sori post spore release. However, the phylogenetic analyses of the DNA sequences presented herein (Figs. 1, 2 ) and in Richards et al. (2017) showed that S. sinusmexicanum is not closely related to any other Sporolithon species that slough off their tetrasporangial sori after spore release, and that this character has evolved independently in several clades. Sporolithon durum (Foslie) Townsend & Woelkerling has also been reported to slough off its tetrasporangial sori; however, the lectotype collection of this species includes male gametangial specimens (Townsend et al. 1995) and multiple species are passing under this name (Richards et al. 2017) . Further work needs to be done to confirm if this character is present in the true S. durum. It is interesting that some species of Sporolithon, e.g. S. sinusmexicanum, S. episporum, and S. indopacificum, have the capacity to slough off their external cell layers (epithallial and upper perithallial layers) and tetrasporangial compartments, while this phenomenon has not been reported in other species of the genus (table 2 in Maneveldt et al. [2017] ). Wegeberg and Pueschel (2002) documented that in other coralline algae, such as Lithothamnion Heydrich and Phymatolithon Foslie in the Hapalidiales, the sloughing off of epithallial cell layers can become replenished with a unique type of intercalary meristem. Since Krayesky-Self et al. (2017) documented with SEM, TEM and fluorescence microscopy previously unrecognized benthic life history stages of bloom-forming microalgae such as dinoflagellates (i.e. Prorocentrum lima (Ehrenberg) F.Stein) and haptophytes (i.e. Ochrosphaera verrucosa Schussnig) residing endolithically inside calcium carbonate-lined cell lumina of biogenic Lithothamnion rhodoliths, it is possible that the microalgal life history stages became passively surrounded by new coralline surface cell layer growth. Life history stages of a wide microbiotal diversity of photosynthetic eukaryotic algae including numerous red, green, and brown algae, ochrophytes and haptophytes inside Lithothamnion rhodoliths were also recovered from endolithic DNAs using plastid tufA (elongation EF-Tu) and 16S V4 rRNA (Sauvage et al. pers. comm.) metabarcoding (environmental amplicon sequencing). We speculate that S. sinusmexicanum, a species that sloughs off surface layers, could potentially harbor endolithic populations that are not permanent rhodolith residents but are instead transient life history stages (potentially resting stages). These stages may then form blooms once released in the water column from the rhodolith's interior following abrasion or sloughing off of its surface cell layers. 
